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Abstract 

"S ■ 

' Suggested theory involves a drastic revision of a role of local internal symme- 

tries in physical concept of curved geometry. Under the reflection of fields and their 
dynamics from Minkowski to Riemannian space a standard gauge principle of local 
CJ I internal symmetries is generalized. The gravitation gauge group is proposed, which 

' is generated by hidden local internal symmetries. In all circumstances, it seemed 

. to be of the most importance for understanding of physical nature of gravity. The 

I most promising aspect in our approach so far is the fact that the energy -momentum 

^ ' conservation laws of gravitational interacting fields are formulated quite naturally 

^ . by exploiting whole advantage of auxiliary shadow fields on flat shadow space. The 

OO I developed mechanism enables one to infer Einstein 's equation of gravitation, but 

' only with strong difference from Einstein 's theory at the vital point of well -defined 

' energy -momentum tensor of gravitational field and conservation laws. The gravi- 

, tational interaction as well as general distortion of manifold G(2.2.3) with hidden 

I group U^°'^{1) was considered. 
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u • 1 Introduction 



In spite of unrivaled by its simplicity and beautiful features, Einstein 's classical theory 
of gravitation clashes with some basic principle of field theory. This state of affairs has 
not much changed up to present and proposed abundant models of gravitation are not 
conductive to provide unartificial and unique recipe for resolving controversial problems 
of energy-momentum conservation laws of gravitational interacting fields, localization of 
energy of gravitation waves and also severe problems involved in quantum gravity. It may 
seem foolhardy to think the rules governing such issues in scope of the theory account- 
ing for gravitation entirely in terms of intricated Riemannian geometry. The difficulties 
associated with this step are notorious, however, these difficulties are technical. In the 
main, they stem from the fact that Riemannian geometry, in general, has not admitted 
a group of isometries. So, the Poincare transformations no longer act as isometries. For 
example, it is not possible to define energy -momentum as Noether currents related to 
exact symmetries and so on. On the other hand, the concepts of local internal symme- 
tries and gauge fields [1-3] have became a powerful tool and successfully utihzed for the 
study of electroweak and strong interactions. The intensive attempts have been made for 
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constructing a gauge theory of gravitation. But they are comphcated sure enough and 
not generally acceptable. Since none of the solutions of the problems of determination 
of the gauge group of gravitation and Lagrangian of gravitational field proposed up to 
the present seems to be wholly convincing, one might gain insight into some of unknown 
features of phenomena of local internal symmetries and gravity by investigating a new 
approaches in hope of resolving of such issues. Effecting a reconciliation it is the purpose 
of present article to explore a number of fascinating features of generating the gauge group 
of gravitation by hidden local internal symmetry. This is the guiding principle framing 
our discussion. In line with this wc feel it of the most importance to generalize stan- 
dard gauge principle of local internal symmetries. While, a second trend emerged as a 
formalism of reflection of physical flelds and their dynamics from Minkowski space to 
Riemannian. There is an attempt to supply some of the answers in a concise form to 
the crucial problems of gravitation and to trace some of the major currents of thoughts 
Tinder a novel view-point. Exploiting a whole advantage of the field theory in terms of 
flat space, a particular emphasis will be placed just on the formalism of refiection. This is 
not a final report on a closed subject, but it is hoped that suggested theory will serve as 
useful introduction and that it will thereby add the knowledge on the role of local internal 
symmetries in physical concept of curved geometry. Of course, much remains to be done 
before one can determine whether this approach can ever contribute to the larger goal of 
gaining new insight into the theory of gravity. 

2 Formulation of Principle 

In standard picture, suppose a massless gauge field B/(a;/) = T"-Bi{xf) with the values 
in Lie algebra of group G is a local form of expression of connection in principle bundle 
with a structure group G. Collection of matter fields are defined as the sections of vector 
bundles associated with G by refiection <I>j : — * E that p^f{xf) = Xf, where Xf G 
is a space-time point of Minkowski fiat space specified by index (/). The $/ is a column 
vector denoting particular component of field taking values in standard fiber F^^ upon Xf 
: p~^{U'^f'') — U'^f^ X Fj.j,, where U'^^^ is a region of base of principle bundle upon which 
an expansion into direct product p~^{U^^^) — C/^-^^ x G is defined. The various suffixes 
of $/ arc left implicit. The fiber is Hilbert vector space on which a linear representation 



Uf{xf) = exp i—T°'9'^{xf)] of group G with structure constants C°*'^ is given. This space 



regarded as Lie algebra of group G upon which Lie algebra acts according to law of adjoint 
representation: B ^ adB ^ [B,<I>j]. To facilitate writing, we shall consider, in the 

main, the most important fields of spin 0,-, 1. But developed method may be readily 

extended to the field of arbitrary spin s, since latter will be treated as a system of 2s 
fermions of half -integral spin. In order to generalize standard gauge principle below we 
proceed with preliminary discussion. 

a. As a starting point wc shall assume that under gauge field B/ the basis vectors 
transformed into four vector fields 



where are real -valued matrix -functions of Bj, k is universal coupling constant by 
which gravitational constant will be expressed (see eq.(4.7)). The double occurrence 
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of dummy indices, as usual, will be taken to denote a summation extended over their 
all values. Explicit form of £)f will not concern us here, which must be defined under 
concrete physical considerations [4-8] (sec. 5,6). However, two of the most common 
restrictions will be placed upon these functions. As far as all known interactions are 
studied on the base of commutative geometry, then, first of all, the functions Di will 
be diagonalized at given (//.,/). As a real -valued function of Hermitian matrix Bj, each 
of them is Hermitian too and may be diagonalized by proper unitary matrix. Hence 
Df (kB/) = diag{\i-^, A^, A^, A^), provided with eigen -values A^ as the roots of polyno- 
mial characteristic equation 

C(Ar) = det{X^I - Df) = 0. (2.2) 

Thus 

e>^{KBf) = /^rC^-B/)^^ (2.3) 

lead to commutative geometry. Consequently, if e^(KBj) denotes the inverse matrix - 
vector \\D\\ ^ 0, then < d^^e^ >— -Df-D^ = 5^, -Df-D^ = 5f. A bilinear form on vector 
fields of sections r of tangent bundle oi : g : r ® t ^ C°°{R^), namely the metric 
{g^u), is a section of conjugate vector bundle S^t* (symmetric part of tensor degree) with 
corresponding components in basis e^(«;By) 

In holonomic basis g = g^^dx^ ® dx" . One now has to impose a second restriction on the 
functions by placing stringent condition upon the tensor a;["(a;/) implying 

dlD^iKBf) = di {u;r{xf)D^^{KBf)) , (2.5) 

f 9 

where df = — ^, that the u = ul should be Lorentz scalar function of the trace of 
curvature form Cl of connection B; with the values in Lie algebra of group G. That is 

cu ^u}{trfl) ^u}{dtrB), (2.6) 

provided 

Q = ^Fffc dx^f Adx), B^Bfdx^f, 

Kk (2.7) 
Fl = dlB,-dlBi-zg[Bi,B,]. 

6uj(tr ^l) 

There up on a functional u has a null variational derivative — — = at local variations 

dBi 

of connection B^ — > Bi+5Bi, namely, cu is invariant under Lorentz (A) and G- gauge groups 

uj = inv{A, G). 

b. Constructing a diffeomorphism x^{x''j:) : R^, the holonomic functions x'^{x^j:) 

satisfy defining relation 

e^Vr = ef + xf(B/), (2.8) 

where 

xliBf) = e,xf = -\e, [\diD^ ~ ^iD^dx^. (2.9) 

The following notational conventions will be used throughout: ■?/'[' = dfx^, where the 
indices u, A, r, a, k stand for variables in R^, when k, m, n, i,j refer to M^. A closer 
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examination of eq.(2.9) shows that covector x/(B/) reahzes coordinates by providing 
a criteria of integration 

9{vr = df^k (2.10) 

and undegeneration H'^H 7^ [9,10]. Due to eq.(2.6) and eq.(2.9), one has Lorentz scalar 
gauge invariant functions 

X=<e'„xf>=|-2, S^\i;lD^^l{l + ^). (2.11) 

So, out of a set of arbitrary curvihnear coordinates in the real -curvilinear coordi- 
nates may be distinguished, which satisfy eq.(2.8) under all possible Lorentz and gauge 
transformations. There is a single -valued conformity between corresponding tensors with 
various suffixes on and M^. While, each co- or contra -variant index transformed in- 
corporating respectively with functions ipl^ or Each transformation of real -curvilinear 
coordinates x'^' x^ was generated by some Lorentz and gauge transformations 

dx'"' 



dxf" 



^HB'fW,{BM. (2.12) 



There would then exist preferred systems and group of transformations of real -curvilinear 

coordinates in i?^. The wider group of transformations of arbitrary curvilinear coordinates 
in i?^ would then be of no importance for the field dynamics. If an inverse function ■^j^ 
meets condition 

% ^ ^2.13) 

where F^^^ is the usual Christoffel symbol agreed with a metric g^^, then a curvature of 

is not vanished [11]. 

In pursuing the original problem further we are led to the principle point of drastic change 
of standard gauge scheme to assume hereafter that single -valued, smooth, double-sided 
reflection of fields — > $($/) : F^j^ — > F^, namely $j""*(x/), takes place under local 
group G, where $/ C F^^, $ C F^, F^ is the fiber upon x : p~^{U) = U x F^, U is the 
region of base R^. The tensor suffixes were only put forth in illustration of a point at 
issue. Then 

^"■■■\x) = • • • ^i^LR{Bf)^'r{xf) ^ {R^)ri^^r{xf), (2.14) 

where R(Bf) is a reflection matrix. The idea of general gauge principle may be framed 
into requirement of invariance of physical system of fields $(a;) under the finite local gauge 
transformations Ur — R^UfR'^ of the Lie group of gravitation Gr generated by G, where 
R'^ — i?^(Bj) if gauge field 'Qf{xf) was transformed under G in standard form. While the 
corresponding transformations of fields $(x) and their covariant derivatives are written 

^'{x)^Ur{xMx), 

{g>^{x)V ,^{x))' = Ur{x) {g>^{x)V ,^{x)) . ^^-"^^ 
The solution of eq.(2.15) may be readily obtained as the reflection of covariant derivatives 
g^{x)W.^"-\x) = SiBf),/;^ ■ • • V'^it:(B^)7^L>,$5-(x^), (2.16) 
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where A = -igBi{xf) , S{Bf) is gauge invariant Lorentz scalar, is covariant deriva- 
tive in R"^ : = <9^ + T^, provided with connection [11] T^{x) = -'L°'^V^{x)d^Vf3^{x), 

the H"^ are generators of Lorentz group, VJ^{x) are the components of afiine tetrad vectors 
in used coordinate net x^: VJ^{x) =< 6^,6^^ >; one has g^{x) e^{x) and 7' => 

for fields (s = 0, 1); but g'^{x) = VJ^{x)j"' for spinor field (s = -), where 7" are Dirac's 

matrices. Since the fields no longer hold, the refiected ones $(a;) will be regarded 

as the real physical fields. But a conformity eq.(2.14) and eq(2.16) enables $/(a;/) to serve 
as an auxiliary shadow fields on shadow flat space M^. These notions arise basically from 
the most important fact that a Lagrangian L(x) of fields $(a;) may be obtained under 
the refiection from a Lagrangian Lf{xf) of corresponding shadow fields and vice versa. 
Certainly, the L{x) is also an invariant under the wider group of arbitrary curvilinear 
transformations x ^ x' in 

Wx)\inv{G^;x-.x') = ^/(^/) lm^(A; G) ' (2-17) 

1 /2 

where = ||V|| ^ = (l + 2|| < ef, x{ > II + II < x{ , xl > II) (see eq.(4.1)). While, the 
internal gauge symmetry G remained hidden symmetry, since it screened by gauge group 
of gravitation Gr. We note that the tetrad and basis e^^ vectors meet a condition 

< e^,ej >=< e^.ep >= 5^. ^ " ' 

So, Minkowskian metric is written rj"'^ = diag{l, —1, —1, —1) =< ej, >=< e", >. 

3 Reflection Matrix 

One interesting offshoot of general gauge principle is a formalism of reflection. A straight- 
forward calculation for fields s = 0, 1 gives the explicit unitary reflection matrix 

R{x, xf) = Rf{xf)Rg{x) = exp {-iOfixf) - Qgix)) , (3.1) 

provided 

Qf{xf)=g£'Bi{xf)dx'f, Qg{x) = £[R+r^Rf + ij-'d^ij]dx'', iP = W) , (3-2) 

where Qg — for scalar field and Qg + Q'^ — for vector field, because of r^-|-r+ = and 
a^(^-i^) = 0. The function S{Bf) has a form eq.(2.11), since S{Bf) = ^R+{tplDl')R = 

-ip''ij^Di' . The infinitesimal gauge transformation Uf ^ 1 — iT"-6j{xf) yields 

Ur = exp (^tgC^'^T^ 9)B'idx\ + Q'g- , (3.3) 

where the infinitesimal transformation 5^ = Bf + C-^e)B^ - hfr, was used. For 
example, a Lagrangian of is o spinor- s calar s\i&d^aw field is in the form 

Lf{xf) = J^L{x) = [(e''V^v^)+(e^V^v^) - mV+<^] 
= [5(%)2(A<^/)+(A9^/) 



(3.4) 
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A Lagrangian of isospinor-vector Maxwell 's shadow field arises in a straightforward man- 
ner 

provided 

F^^^V^A^-V.A^, F^JJ ^{i^lDl-i^pDAl ^ D^^Di, (3.6) 
with an additional gauge violating term 



1 2- - - ' (3.7) 

where ^|^^ is gauge fixation parameter. Finally, a Lagrangian of isospinor-ghost fields is 
written 

Hhixf) = J^^Lgh{x) ^J^< {e^d^Cy, e'^d.C >= J^S{Bff{DiCf)+DiCf. (3.8) 

Continuing along this line we come to a discussion of the reflection of spinor fleld f{xf){s = 
^) as a solution of eq.(2.15) 

^(x) = RiBf)^fixf), ^(x) = ^fixf)R+{Bf), 

g^{x)V,^{x) = S{Bj)R{Bjh^Di^j{xf)^ (3.9) 

(V^*(x)) g'^ix) = S(Bf) (Di^fixf)) yit:+(B/), 

where R = 707^7°, E"/^ = ^[7",7''], r^(^) = ^A^,„;3(x)7"7^ A^,^p{x) are Rici's 
rotation coefficients. The reflection matrix R is in the form eq.(3.1), provided we make 
change 

Qgix) {g'^^.Rf^ 9.dx'} > (3-10) 

the {, } is an anticommutator. A calculation now gives 

S{Bf) = {R-^g^R, 11] = inv, (3.11) 

where 

K = R+R = R+Rg = 

= exp (-i £ ({i?;f ^.^i^'^} i?/ + {g^r^Rf, g.dx''})^ , f + = 70r+70. 

(3.12) 

Taking into account that [Rf,gi,] — and substituting [12] 

r;g-' + g^T, = -V,g^^O (3.13) 

into eq.(3.12), we get 

K = 1. (3.14) 
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Since 

U+Ur = RUjR'^R'UfR+ = RU^R+RUfR+, (3.15) 
where R'^ R' = R+R = 1, then 

U^Ur = ^'U^j'Ur = 1. (3.16) 
A Lagrangian of isospinor-spinor shadow field may be written 
Lf{xf) = J^Lix) = 

= 1^ [^{x)g>^{x)V,^{x) - {V,^{x))g>^{x)-^{x)\ - m^(x)*(x)} = (3 ^7) 
= [s{Bf)'- [^/VA*/ - (A^/)V^/] - ^^/^/} • 

In special case if curvature tensor R^^.^. — 0, the eq.(2.8) may be satisfied globally in 
by putting 

V'r = A" = ^"=^, Ili^ll^O, xf = 0, (3.18) 

where are inertial coordinates. So, S = = 1, which means that one simply has 
constructed local G-gauge theory in both in curvilinear as well as inertial coordinates. 

4 Action Principle 

Field equations may be inferred from an invariant action 

S = + = j LBf{xf)d'^Xf + j ^/L^{x)d'^x. (4.1) 

A Lagrangian Lsfixf) of gauge field B;(x/) defined on is invariant under Lorentz 
as well as G -gauge groups. But a Lagrangian of the rest of fields $(a;) defined on R^ 
is invariant under the gauge group of gravitation Gr. Consequently, the whole action 
eq.(4.1) is G -gauge invariant, since Gr generated by G. Field equations followed at once 
in terms of Euler-Lagrang variations respectively in and i?"^ 

S^Lbj _ ji _ 5fL^^. _ dg^'^'dWU) _ 



5fBf " 6fBf dBf 5gi''' 

2 dBf \\D\\ 5DI 2 dBf (4-2) 

5Li^ _ p. _ p. 

where T^,^ is the energy -momentum tensor of fields $(,t). Making use of Lagrangian 
of corresponding shadow fields $/(a;/), in generalized sense, one may readily define the 
energy -momentum conservation laws and also exploit whole advantage of field theory 
in terms of fiat space in order to settle or mitigate the difficulties whenever they arise 
including the quantization of gravitation, which will not concern us here. Meanwhile, of 
course, one is free to carry out an inverse refiection to R"^ whenever it will be needed. 
To render our discussion here more transparent, below we clarify a relation between 
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gravitational and coupling constants. So, we consider the theory at the limit of Newton 's 
non -relativistic law of gravitation in the case of static weak gravitational field given by 
Poisson equation [11] 

V^o^SttGToo- (4.3) 



In linear approximation 

goo{KBf)^{l + 2KBt{xM), = (^^^^) = const, 



(4.4) 



then 



9'^V^KB^ = AnGToo. (4.5) 

Since, the cq.(4.2) must match onto eq.(4.5) at considered limit, then the right -hand 
sides of both equations should be in the same form 

= -^'r^ - -tI^^- - -'m)Too. (4.6) 
With this final detail carried for one gets 

G=4^, ^c'^(ft). (4.7) 

At this point we emphasize that Weinberg 's argumentation [13]. namely, a prediction 
of attraction between particle and antiparticle, and repulsion between the same kind 
of particles, which is valid for pure vector theory, no longer holds in suggested theory of 
gravitation. Although the B;(x/) is vector gauge field, the eq.(4.7) just furnished the prove 
that only gravitational attraction is existed. One final observation is worth recording. A 
fascinating opportunity has turned out in the case if one utilizes reflected Lagrangian of 
Einstein 's gravitational field 

J R 

LBf{xf) = J^Le{x) = (4.8) 
where i? is a scalar curvature. Hence, one readily gets the field equation 

which obviously leads to Einsten 's equation. Of course in these circumstances it is 
straightforward to choose g'^^ as the characteristic of gravitational field without referring 
to gauge field Bf{xf). However, in this case the energy -momentum tensor of gravitational 
field is well -defined. At this vital point suggested theory strongly differs from Einstein's 
classical theory. In line with this, one should use the real -curvilinear coordinates, in which 
the gravitational field was well -defined in the sense that it cannot be destroyed globally 
by coordinate transformations. While, taking into account general rules eq.(2.12), the 
energy -momentum tensor of gravitational field may be readily obtained by expressing 
the energy -momentum tensor of vector gauge field Bi{xf) in terms of metric tensor and 
its derivatives 
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At last, we should note that eq.(4.8) is not the simplest one among gauge invariant 
Lagrangians. Moreover, it must be the same in all cases including eq.(3.18) too. But in 
last case it contravenes the standard gauge theory. There is no need to contemplate such 
a drastic revision of physics. So, for our part we prefer G -gauge invariant Lagrangian in 
terms of M'^ 

LbM) = -\< Fi{xf)yf{xf) >K, (4.11) 

where Ff^(a;j) is in the form cq.(2.7), <, >k is the Killing undegenerate form on the Lie 
algebra of group G for adjoint representation. Gertainly, an explicit form of functions 
Di{Ka.f) should be defined. 



5 Gravitation at G = 

The gravitational interaction with hidden Abehan local group G — U''°^{1) = S0^°'^{2) and 
one-dimensional trivial algebra g = was considered in [4-8] , wherein the explicit form of 
transformation function Di is defined by making use of principle bundle p : E ^ G{2.3). 
It is worthwhile to consider the major points of it anew in concise form and make it 
complete by calculations, which will be adjusted to fit the outlined here theory. We start 
with a very brief recapitulation of structure of flat manifold G(2.3) = *R'^(^R^ — R^®R^ 
provided with the basis vectors e^^^-^ — Ox® Gq., where < Ox, Or >— *6xt — 1 — (^at, 
< cra,<^f3 >= Sad {\,T = ± : a, f3 = 1,2,3), S is Kroneckcr symbol. A bilinear form 
on vector fields of sections r of tangent bundle of G'(2.3): : r (E) r C°°{G{2.3)), 
namely, the metric (fi'(Aa)(r/3)) ^ section of conjugate vector bundle with components 
fi'°(^(Aa)' basis (e^xa))- '^^^ (7(2.3) decomposes into three-dimensional ordinary 
(Rj) and time (T|) fiat spaces ^(2.3) = Rj ® Tf with signatures sgn{R)) = (+ + +) 

and sgn{Tj) — ( ). Since all directions in are equivalent, then by notion time 

one implies the projection of time-coordinate on fixed arbitrary universal direction in T|. 
By this reduction Tj Tj the transition G{2.3) M'^ = Rj^ (B Tj may be performed 
whenever it will be needed. Under massless gauge field a(^xa){Vf) associating with U''°'^{1) 
the basis e°^^^ transformed at a point rjf e G(2.3) according to eq.(2.3) 

e(A.) = i?;iSe?,,). (5.1) 

While, the matrix D is in the form D — C ® R, where the distortion transformations 

0{xa) = Cl^^Pr and a(^xa) = R'(xa)0l3 are defined. Thereby C[;^„) = + f^^i^XafSl, but 
i? is a matrix of the group 5*0(3) of all ordinary rotations of the planes, each of which 
involves two arbitrary basis vectors of R^, around the orthogonal axes. The angles of 
permissible rotations will be determined throughwith a special constraint imposed upon 
distortion transformations, namely, a sum of distortions of corresponding basis vectors 
Ox and cr^ has to be zero at given A: 

< O^xa), Or >r^X + ^ ^^^^^^^ = 0, (5.2) 

where Sap-y is an antisymmetric unit tensor. There up on tan^(;^o:) = —>^ci(^\a)-i where 9(^xa) 
is the particular rotation around the axis ctq of R^. Inasmuch as the R should be indepen- 
dent of sequence of rotation axes, then it implies the mean value -R = g X! R^^^'^\ where 
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^i^Q matrix of rotations carried out in sequence (ijk) {i,j,k = 1,2,3). As it was 
seen at the outset the field a(Aa) was generated by the distortion of basis pseudo- vector 
0\, when the distortion of cTq has followed from eq(5.2). 

Certainly, the whole theory outlined in sections (1-4) will then hold provided we simply 
replace each single index fi of variables by the pair (A«) and so on. Following to standard 
rules, next wc construct the diffeomorphism ri'^^°'\vij^^) : G(2.3) — >■ G{23) and introduce 
the action eq.(4.1) for the fields. In the sequel, a transition from six-dimensional curved 
manifold G(23) to four-dimensional Riemannian geometry is straightforward by mak- 
ing use of reduction of three time-components eoa = —/={e{+a) + e(-a)) of basis six- vectors 

v2 

e(Aa) to single cq in fixed universal direction. Actually, since Lagrangian of fields on is 
a function of scalars, namely, A(^xa)B^^°'^ — AoaB^°' + AaB°', so taking into account that 
AoaB^°' = Aoa < e°°, > Bop = < e°, e° > = AqB'^, one readily may perform a 
required transition. The gravitation field equation is written 

To render our discussion more transparent, below we consider in detail a solution of 

spherical-symmetric static gravitational field a(+a) = a(_a) = -^aoai^f). So, ^(+a) = 

v2 

d{-a) — — arctan(^^aoa) and (7(+q,) = C(-a)- It is convenient to make use of spherical 
v2 

coordinates <J(+i) = Cr, ^(+2) = ere, '^(+3) = ^<fi- The transition G(2.3) — > is performed 
by choosing in Tf the universal direction along radius- vector: x^f — tf, x°f — x^ — 0. 
Then, from eq.(5.1) one gets 

eo = /^o°eo, e, = D;e°, e, = e°, = e° , (5.4) 

provided D — C <S> I with components Dq — 1 -\ — i=ao, — 1 ^ao; = ^or; where 

V 2 V 2 

Co = Co ® o-r, e° = C (g) a^, eg = C (8) (T0, e° = ^ (g) cr^, = ~^^^+ + ^^"^ 

C = -^((9+ — 0_). The coordinates x^{t, r, 9, (p) implying x'*(xj) : ^ exist in the 
whole region p^^{U) G -R^ 

where according to eq.(5.4) one has x^^ — t, x^^ — x^'^ = 0. A straightforward calculation 
gives non- vanishing components 

1 — , ,2 _ , ,3 _ 1 , ,0 - 



1, ^? = t^a/Dg. 



Although drijj^ = rgiVS and = TnV'i, but 
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where according to eq.(5.4), the non- vanishing components of Christoffel symbol are writ- 

1 11 
ten = -g^^drgoo, TJq = --g^^drgoo, = -g^^drgn- So, the condition eq.(2.13) 

holds, namely, the curvature of is not zero. The curved space R'^ has the group of mo- 
tions SO (3) with two- dimensional space-like orbits where the standard coordinates are 
9 and cp. The stationary subgroup of SO{3) acts isotropically upon the tangent space at 
the point of sphere S'^ of radius r. So, the bundle p : ^ B? has the fiber S"^ = p~^{x), 
X & with a trivial connection on it, where is the factor-space / S0{3). In out- 
side of the distribution of matter with the total mass M, the eq.(5.3) in Feynman gauge 

Kj GM t 

reduced to V^ao = 0, which has the solution ;^Qo = — (see eq.(4.7)). So, 

the line element is written 

ds^ = (\- ^fde - (1 + ^fdr'' - r\sm^edip^ + de^), (5.8) 
2r/ 2r/ 

provided by eq.(5.5) and eq.(5.6).Finally, for example, the explicit form of unitary matrix 
Ur of gravitation group Gr in the case of scalar field reads 

Ur = R'UfR+ = e-'\.'^f^rOf{rf) + %(r/)]^ ^59^ 

where 

R^Rf^e ^ g{a'o-ao)^dlef{rf). (5.10) 
A Lagrangian of charged scalar shadow field eq.(3.4) is in the form 

1 



Lfi^f) = 2 



(5.11) 



where, according to eq.(2.11) and eq.(5.6), one has = -(1 -|- ||c<;["||) — 7:,^ 



6 Distortion of Flat Manifold ^(2.2.3) at = [/^^"(l) 

Following to [4-8] , the foregoing theory can be readily generahzed for the distortion of 12- 

2 

dimensional flat manifold (7(2.2.3) = *R'^ ® *R^ ® i?^ = ^(2.3) © (7(2.3) = J2 = 



i?'^ © T © i? © T with corresponding basis vectors eixaa) = Oxa® (^a C ^(2.2.3), 

1 1 
e° =0 ®(Ta C (7(2.3), where O = ^((5i,i+£i02,i), O = ^(Oi,2+£i(52,2), £r, = 1, 

* (Aa) I A « * + V 2 * - V 2 

= -1 and < OA,/i,0^,i. >= *hr*S^u {X,H,r,u = 1,2), < aa^ap >= There up on 
< O ,0 >~ ei6ij*SxT- The massless gauge field of distortion a(A,/i,a) (C/) with the values 

i X i T 

in Lie algebra of U^°'^{1) is a local form of expression of connection in principle bundle 
p : E ^ (7(2.2.3) with a structure group f/'°'^(l). Collection of matter fields $j(C/) are 
the sections of vector bundles associated with f/'°'^(l) by reficction : (7(2.2.3) E that 
]?$/((■/) = C/, where the coordinates exist in the whole region p~^(t/'^'^^) e (7(2.2.3). 
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Outlined theory will then hold, while each pair of indices (Aa) will be replaced by the 
(A, /x,q;). So the basis e{T,u,i3) transformed 



e(AMa) = -Djljaf e(r,i.,/3), (6-1) 



provided D ^ C ® R, where 0(A„a) = CJ;^t,a)OT,u: (T{\na) = R{x^a)(^f3- The matrices 



C generate the group of distortion transformations of bi-pseudo- vectors Or,v'- Cjx^^-^ — 
^A^^+'^'^(A,M,a)*^A*^/^! but the matrices R arc the elements of the group S'0(3)a^ of ordinary 
rotations of the planes of corresponding basis vectors of A special constraint cq.(5.2) 
holds for basis vectors of each i?^^. Thus, the gauge field a(A,/i,a) was generated by the 
distortion of bi-pseudo- vectors 0^^^. While the rotation transformations R follow due to 
eq.(5.2) and R implies, as usual, the mean value with respect to sequence of rotation axes. 
The angles of permissible rotations are tan^(A,^,a) = —Ka(^x,fj,^a){Cf)- The action eq.(4.1) 
now reads 

S^S^^+S^^ J L„,(C/)dC^^'^'^)A---AdC^^'^'^) + / V9LMdC^'''^A---AdC^'''\ (6.2) 

where g is the determinant of metric tensor on ^(223) and ^('^'^")((^('^''^'^)) : G(2.2.3) — >■ 
G(223) was constructed according to eq.(2.8)-eq.(2.10), provided 

dC^^^"^ _ j iXfia) _ 1 / r-)(A/ia) (p,t^,l) j^(.>'iJ'Ot) \ ( o\ 

Right through the variational calculations one infers the field equations eq.(4.2), while 

1 ^g^^^^^^P^^^ ' ' (6.4) 

provided 



The curvature of manifold (7(2.3) — ^ G(23) (sec. 5), which leads to four-dimensional 

i i 

Riemannian geometry i?"^, is a familiar distortion 

_ 1 _ 1 

= a{2,l,a) = = a(2,2,a) = (6.6) 

when (7(iia) = (7(2ia) = CT^+a), (7(i2a) = cr(22a) = c^(-a)- Heuce 6 =0 ® (7(;^c«) , where 

«(Aa) « (Aa) 

O = O + -^^ifl *S10 . In the aftermath G(223) = G(23) © G(23). The other 

* (Aa) i X V2 ^'(Aa) * r ?? u 

important case of inner-distortion 

= -a(2,l,a) = = = 7f (6-'^) 

leads to (7(iiq) = — (J(2ia) = (7(+a), cr(i2a) = " cr(22a) = cr(-a)- Heuce, O = O + 

» (Aa) « A 

—;=eia *SlO , where the e =0 CfAa") is the basis in inner-distorted manifold 

V2 "(Aa) ir i(Aa) i (Aa) 

^(23). 
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7 Discussion and Conclusions 



If we collect together the results just established we have finally arrived at quite promising, 
if not entirely satisfactory, proposal of generating the group of gravitation by hidden lo- 
cal internal symmetries. While, under the refiection of shadow fields from Minkowski fiat 
space to Riemannian, one framed the idea of general gauge principle of local internal sym- 
metries G into requirement of invariance of physical system of reflected fields on under 
the Lie group of gravitation Gji of local gauge transformations generated by G. This yields 
the invariance under wider group of arbitrary curvilinear coordinate transformations in 
R^. While the energy -momentum conservation laws are well -defined. The fascinating 
prospect emerged for resolving or mitigating a shortage of controversial problems of grav- 
itation including its quantization by exploiting whole advantage of field theory in terms 
of fiat space. In the aftermath, one may carry out an inverse refiection into whenever 
it will be needed. It was proved that only gravitational attraction exists. One may easily 
infer Einstein's equation of gravitation, but with strong difference at the vital point of 
well -defined energy -momentum tensor of gravitational field and conservation laws. Nev- 
ertheless, for our part we prefer standard gauge invariant Lagrangian eq.(4.11), while the 
functions eq.(2.3) ought to be defined. We considered the gravitational interaction with 
hidden Abelian group G = f/'°'^(l) with the base G{2.3) of principle bundle as well as the 
distortion of manifold G(2.2.3), which yields both the curvature and inner-distortion of 
space and time. However, we believe we have made good headway by presenting a rea- 
sonable framework whereby one will be able to verify the basic ideas and illustrate main 
features of drastic generalization of standard gauge principle of local internal symmetries 
in order to gain new insight into physical nature of gravity. 
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